Background: NO and CO dynamics are compared in soluble guanylate cyclase and isolated heme domain. Results: CO geminately rebinds to the isolated heme domain β 1 (190), contrary to entire sGC. Photo-oxidation of β 1 (190) heme may occur.
SUMMARY
Soluble guanylate cyclase (sGC) is the mammalian endogenous nitric oxide (NO) receptor. The mechanisms of activation and deactivation of this heterodimeric enzyme are unknown. For deciphering them, functional domains can be overexpressed. We have probed the dynamics of the diatomic ligands NO and CO within the isolated heme domain β 1 (190) of human sGC by pico-nanosecond absorption spectroscopy.
After photo-excitation of nitrosylated sGC, only NO geminate rebinding occurs in 7.5 ps. In β 1 (190), both photodissociation of 5c-NO and photo-oxidation occur, contrary to sGC, followed by NO rebinding (7 ps) and back-reduction (230 ps and 2 ns). In full length sGC, CO geminate rebinding to the heme does not occur. Contrastingly, CO geminately rebinds to β 1 (190) with fast multiphasic process (35, 171 and 18 ns). We measured the bimolecular association rates k on = 0.075 ± 0.01 × 10 6 M -1 ·s -1 for sGC and 0.83 ± 0.1 × 10 6 M -1 ·s -1 for β 1 (190) . These different dynamics reflect conformational changes and less proximal constraints in the isolated heme domain with respect to the dimeric native sGC. We concluded that the α-subunit and the β 1 (191-619) domain exert structural strains on the heme domain. These strains are likely involved in the transmission of the energy and relaxation toward the activated state after Fe 2+ -His bond breaking. This also reveals the heme domain plasticity modulated by the associated domains and subunit.
Heme domain plasticity
Soluble guanylate cyclase (sGC), expressed in different cell types, is the mammalian receptor of the endogenous messenger nitric oxide (NO) and catalyzes the formation of the second messenger cGMP from GTP after activation by NO binding (1) (2) (3) . It plays a critical role in regulation of vascular blood pressure (4) , lung airway relaxation (5) and immune response (6) . In heterodimeric sGC, the GTP catalytic site is presumably located at the interface between both subunits, whereas the sensing domain in β-subunit contains the heme group necessary for NO binding. The first internal molecular event correlated with sGC activation is the cleavage of the heme-proximal His covalent bond induced by trans effect after NO binding (7) . Because the sensing heme domain and the GTP-binding catalytic site are remotely located, we must assume a "cross-talk" between both subunits for this allosteric regulation which results in an increase of catalytic activity. Thus, the Fe 2+ -His bond cleavage necessarily triggers structural changes within the dimeric protein, mediated by interactions between subunits. In the absence of three-dimensional crystal structure of heterodimeric sGC, the heme domain of the β-subunit was modeled from the structure of homologous bacterial NO-sensors (8) (9) (10) and several studies used these sensors as structural models for sGC (11, 12) , albeit their exact physiological role remains to be determined (13) .
An important issue for understanding sGC activation and deactivation mechanisms is the identification of structural states and transitions, which can be addressed respectively by X-ray diffraction and by time-resolved spectroscopy. For example, after ligand release from the heme, fast protein structural relaxation can be detected in myoglobin (14) . To reveal conformational changes due to subunits interaction, it is necessary to compare the structural dynamics of the fulllength sGC with those of a single subunit or part of subunit, namely, a functional domain. If the structural conformation of the heme domain is not strictly the same for full-length protein versus isolated domain, then the diatomic ligand dynamics will be modified. It is established that the dynamics of a diatomic ligand within the protein core is highly sensitive to the heme pocket conformation and to strains on the heme iron through the proximal histidine, which imposes energy barriers to diatomic motion (15) (16) (17) . Here, we compared the dynamic interaction of NO and CO within the full-length sGC and the isolated human heme domain of the β 1 -subunit, restricted to the first 190 amino-acids, referred to as β 1 (190) hereafter. We have chosen this a sequence length because sGC is often compared to bacterial H-NOX sensors having such length, homologous to sGC heme domain, for investigating its activation. It is thus pertinent to investigate ligand dynamics in an isolated heme domain whose length is same as the bacterial NO-sensors used as sGC models. In the present study, to investigate the interaction of diatomics within the proteins, we have probed the dynamics of the ligands NO and CO after photodissociation from the heme by pico-nanosecond absorption spectroscopy. This approach is based on the photo-dissociation of NO (or CO) previously bound to the heme and then to probe the sGC/NO dynamics and interaction when NO is unbound, but still moving within the protein core. In other words, photo-dissociating a diatomic from the heme with a fast laser pulse allows to shift the equilibrium Fe-NO ↔ Fe + NO whose evolution is probed.
EXPERIMENTAL PROCEDURES
Purification of soluble guanylate cyclase and sample preparation -sGC was purified from bovine lung by chromatography and its activity assayed as previously described (18) . sGC was obtained directly in the ferrous state after the last column (λ max = 431 nm). The final buffer was TEA 25 mM, NaCl 50 mM, DTT 1 mM, MgCl 2 1 mM, pH 7.4. An aliquot of sGC in buffer (70 µl at ~20 µM) were put in a quartz cell (1-mm optical path length) sealed with a rubber stopper and degassed with four cycles of vacuuming and purging with argon (Air Liquide, 99.999 %) so that O 2 was totally removed. For preparing NO-liganded sGC, gas phase NO diluted to 1% in N 2 (Air Liquide) was directly introduced in the vacuumed spectroscopic cell through the gas train, yielding 20 µM of NO in the aqueous phase. Full equilibration was obtained by waiting 20 minutes with the cell still connected to the gas train, ensuring an "infinite" reservoir of NO to avoid NO depletion. Then, a second stopper in silicone, with vacuum grease, was stacked on the cell. Steady-state absorption spectra (Shimadzu 1601 spectrophotometer) were recorded for monitoring the evolution of NO binding, and also after the laser measurements to verify the state of the sample. The absorbance of the nitrosylated sGC samples was in the range 0.2-0.3 at the maximum of the Soret band. For the CO-liganded samples, we introduced gas phase 100% CO directly in the degassed cell.
Preparation of the isolated heme domainThe isolated domain β 1 (190) has a sequence strictly identical for both human and bovine species. Expression of isolated heme domain of human sGC was performed at Laboratoire de Toxicologie et Pharmacologie (INSERM, UMR-S747, Paris, France) as described in (8) . The isolated heme domain (in 50 mM TEA, 300 mM NaCl, 5% glycerol, pH 8.2) was prepared for spectroscopy similarly as sGC, except a supplementary step of reduction : after vacuuming, a 10-µL aliquot of sodium dithionite (5 mM) was introduced into the cell with a gastight syringe to obtain final concentration of 0.5 mM. The reduction of heme was monitored by measuring the spectrum before adding 10% NO (200 µM in aqueous phase) in the same way as performed with sGC.
Time-resolved absorption spectroscopyTime-resolved picosecond absorption was performed using the pump-probe laser system previously described (19) . The photo-dissociation of NO was achieved with an excitation pulse at 564 nm whose duration was ~40 fs with a repetition rate of 30 Hz. The broad spectrum probe pulse was generated by means of a continuum. The transient absorption spectrum after a variable delay between pump and probe pulses was recorded with a CCD detector coupled to a spectrometer. The same sample quartz cell (1-mm optical path length) was used for recording the equilibrium spectra and the transient absorption. The temperature was 18°C during all measurements. Up to 50 scans were averaged.
Analysis of transient spectra and kineticsTransient spectra were recorded simultaneously with kinetics as a time-wavelength matrix data whose global analysis was performed by singular value decomposition (SVD) of the matrix (19) to retrieve individual spectral components evolving with different time constants. Each SVD kinetic component associated with a particular SVD spectrum was fit to a sum of a minimum number of exponentials: Σ i A i (exp(-t/τ i )) + C. However, because the induced absorption from 4-coordinate heme and absorption decrease from the 6-coordinate NO-liganded β 1 (190) species were strongly overlapping, it appeared difficult to separate the signal of both processes by means of SVD in the case of β 1 (190)-NO. Therefore, we performed analysis of individual kinetics at particular wavelengths. sGC-NO data were fitted by both procedures and CO data for both proteins were analyzed by SVD. In each case, a 4-ps component was included in the fitting function to take into account the initial decay of vibrational excited states (19) .
Bimolecular rebinding: nanosecond to millisecond time-resolved absorption -To measure the bimolecular CO rebinding by flash photolysis (rather than by stopped-flow) in order to detect any additional rebinding phases. We have used a home-built spectrophotometer with an extended time-range for detection, from 5 ns to 1 s, based on two lasers which are electronicly delayed (20) . The photodissociating pulse, whose duration (~5 ns) determines the time resolution, is tuned at 532 nm in the Q-band of the heme. The probing pulse, provided by a tunable optical parametric oscillator, is tuned at 450 nm to probe the kinetics of differential absorption due to the disappearance of 5-coordinate dissociated heme. The electronic time delay after the dissociating pulse was changed linearly from 1 ns to 30 ns, then was changed with a half-log 10 progression from 30 ns to 0.1 s. Eight scans were averaged for each kinetics. The same concentrations were used for the picosecond and for the nano-to-millisecond measurements.
RESULTS AND DISCUSSION
Picosecond dynamics of NO -In the presence of NO, nitrosylated sGC is 100% 5-coordinate-NO (5c-NO), as shown by its steadystate absorption maximum at 399 nm (Fig. 1A) . Consequently, the transient spectra after NO photo-dissociation from sGC ( Fig. 1B) shows an induced absorption due to the 4-coordinate (4c) heme together with a bleaching at 396 nm due to disappearance of 5c-NO heme (17, 18) . The NO geminate rebinding kinetics to the 4c heme ( Fig.  1C ) is very fast (7.5 ± 0.3 ps) with high yield (96 ± 1%), as already observed (17, 18) . The isolated β 1 (190) is also 5-coordinate in the presence of NO (Fig. 1D ). This ligation is not 100%, similarly with the homologous domain β 1 (1-189) from the cyanobacteria Nostoc sp (11) , but contrary to the slightly longer domain from rat β 1 (21) and to the full-length sGC. A shoulder at 425 nm indicates that about 10-15% of β 1 (190) main be unliganded bisligated with an internal side-chain. The ligation with CO yields 100% of 6-coordinate form, as observed for rat β 1 (21) and Nostoc sp β 1 (1-189) (11) .
The comparison of the raw transient spectra for β 1 (190) (Fig. 1E ) and for sGC immediately reveals different processes in both proteins. In the case of isolated β 1 (190), the presence of two bleaching minima at +2 ps indicates that two species were initially photo-induced. The first bleaching (398 nm), also present in sGC spectra, is readily assigned to the disappearance of 5c-NO species yielding the 4c-heme, whose decrease is due to NO rebinding. The second bleaching (428 nm), not located at the Soret position observed for 6c-NO heme of nitrosylated myoglobin (420 nm) or homologous NO-sensor (22) , is due to the disappearance of the reduced unliganded heme (5c-His). Its position is same as the shoulder in the steady-state spectrum of NO-liganded species (Fig. 1D) . We now discuss its assignment.
Because the reduced 5c-His species disappears immediately (<1 ps) upon photoexcitation in presence of NO we verified whether the same effect occurs also in absence of NO, in anaerobic conditions (Fig. 2 and supplemental  Table S2 ). In this case, the behavior of transient spectra is very different from that of a pure relaxation of excited states, which is very fast and has an isosbestic point shifting in the opposite direction (18) . In absence of NO, the difference of transient spectra shape at +2 ps and +5 ns indicates that two processes occurred after photoexcitation: fast relaxation of excited states of the vibrationally hot heme is identified by the fast spectral shift (19) with τ ex = 4.3 ps (Fig. 2A) . Secondly, the same component is identified by the bleaching centered at 428 nm, exactly as observed in the case of nitrosylated β 1 (190) (Fig. 1E) . Remarkably, the major spectral component from global analysis is identical in absence and presence of NO (supplemental Fig. S1C and Fig.  2C ), demonstrating that its origin cannot be NO geminate rebinding. Since 5c-His cannot be photo-dissociated with a 564-nm laser pulse, we therefore assigned this effect to photo-oxidation, which can occur both in presence and absence of heme-bound NO. The comparison of steady-state spectra of the sample immediately before and after laser experiment (supplemental Fig. S2 ) shows that they are identical and no accumulation of ferric heme is observed, so that re-reduction took place after photo-oxidation.
The similarity of transient spectra at +5 ns in the presence and absence of NO and the absence of another spectral component indicate that the reduction process is identical in both cases, and only the time constants are influenced by the presence of NO. In β 1 (190)-NO, reduction occurs simultaneously with NO rebinding to 4c-heme due to dissociated 5c-NO, producing complex kinetics (Fig. 1F) . The broad bleaching due to oxidation of 5c-His heme, centered at 428 nm (Fig. 1E) , largely overlaps the induced absorption of 4c-heme as seen in sGC (Fig. 1B) . Consequently, NO rebinding to the 4c heme provokes an initial decrease of absorption at 428 nm until 20 ps (Fig. 1F) , followed by an increase due to back-reduction of 5c-His heme. Kinetics were fitted at particular wavelengths (Table 1 ) and individual spectral contributions from different processes were obtained by global analysis (supplemental Fig. S1C ).
Fitting the β 1 (190)-NO kinetics resulted in three exponential components: the 7-ps component is due to NO rebinding to the 4c-heme which is energy barrierless, similarly to entire sGC, whereas the slower components (τ 2 = 230 ps and τ 3 = 2 ns) are assigned to the heme reduction after photo-oxidation because they are associated with a decrease of the bleaching at 428 nm. The respective contribution to the absorption kinetics from NO rebinding after photo-dissociation and from reduction after photo-oxidation are compared in supplemental Fig. S3 . The back-reduction in presence of NO proceeds with several phases (time constants from fitted kinetics in supplemental Table S2 ) as it does in the absence of NO, but with modified time constants. The electron donor for this fast reduction is probably the electron acceptor of initial photo-oxidation, that we did not attempt to identify here since we did not aim at investigating the heme photo-oxidation process, but the consequences of heme domain isolation. However, the large constant term (38%) associated with photo-oxidation suggests that back-reduction (back electron transfer from acceptor/donor) is not energy barrierless.
Both processes, NO geminate rebinding and back-reduction after photo-oxidation, are initiated immediately and simultaneously from electronic excited state. We demonstrate this by showing that in β 1 (190), the signature of photooxidation is already present at +2 ps, that is to say, after the decay of electronic excited state (< 1 ps). We calculated the difference spectrum of photo-oxidation immediately after photoexcitation (+2 ps) by subtracting the raw transient spectra of sGC at +2 ps (which contains only the contribution of NO dissociation) from the raw spectra of β 1 (190) at +2 ps, which contains the contributions of both photo-oxidation and NO photo-dissociation. The resulting difference transient spectrum (Fig. 3) , free from the contribution of NO dissociation, is that of the photo-oxidized heme at +2 ps. Remarkably, it is identical to the spectra at +5 ns, both in absence ( Fig. 2A) and in presence (Fig.  1E) of NO, and identical to the major spectral components obtained from global analysis of the data (Fig. 2C and supplemental Fig. S1C ). This clearly shows that the bleaching due to photooxidation hides the induced absorption of 4c-heme due to NO photo-dissociation. This also demonstrates that the second process occurring immediately upon photo-excitation of β 1 (190)-NO does not involve NO dynamics. It must be noted that the photo-oxidation transient spectrum is similar to the difference spectra of auto-oxidation of the β 1 (1-217) fragment (21) in the presence of O 2 , whereas in β 1 ) the larger absorption shifted toward 410 nm (21) suggests that ferric heme became liganded with OH -from solution, a process which is not faster than ~0.1 µs (23). All kinetics are depicted together in the last figure.
Other heme proteins than sGC can form a 5c-NO species with the cleavage of the Fe-His bond, in particular the bacterial cytochrome c'. Since the discovery that NO binds to the proximal side of the heme in cytochrome c' (24) , several models have included sGC with proximal 5c-NO. However, the diffusion of NO from one side of the heme to the other (or from solution) is expected to occur in a time range longer than 5 ns, so that under geminate rebinding condition, a second NO reaction, as well as the formation or not of a proximal 5c-NO heme, cannot be at the origin of the differences observed between β 1 (190)-NO and sGC-NO.
From our observations, we conclude that the complementary part (191-619) of β-subunit and/or the α-subunit exert strains which modulate the heme redox properties. Excluding these protein domains changes the strains on the heme and may modify the heme distortion which has been shown to change the redox potential (25, 26) . This likely explains the photo-oxidation (charge transfer) induced by heme electronic excited states promotion and the 4-nm shift of the 5c-His Soret maximum with respect to full-length sGC through a subtle change of electronic orbital overlap.
In this line, it was pointed out by Karow et al. (21) that rat β 1 (1-194) is not as stable as sGC. Remarkably, they observed (21) that « the rate of oxidation to Fe 3+ is very slow for sGC and occurs much more quickly in β 1 (1-194) ». Also, the kinetics of NO dissociation from rat heme domain β 1 (27) and kinetics of NO binding to bacterial Nostoc NO-sensor (sequence 1-183) (13) are different from those of entire sGC. This conformational difference may also explain the observation that the same single mutation (Ile145Tyr) does not induce O 2 binding affinity in the full length sGC (10, 28) as it does in the β 1 (1-385) construct (29) while a homologous bacterial NO-sensor possesses a high O 2 affinity (30) .
Picosecond dynamics of CO -We will now see that photo-oxidation does not occur when the heme is 6-coordinate in presence of CO, which activates sGC only 2.5 to 4-fold (31, 32) . The steady-state spectra of sGC and β 1 (190) liganded with CO are similar but the Soret maximum is shifted by 3 nm (supplemental Fig. S4A ), indicating different constraints exerted on the heme. We measured the dynamics of CO in isolated β 1 (190) compared with the full-length sGC. The transient difference spectra (Fig. 4A,  B) do not show a shift of isosbestic points for both proteins, meaning that only one process takes place, i.e. the geminate rebinding of photodissociated CO to the 5c-His, which is readily identified by the position of the bleaching at 6c-CO Soret wavelength (supplemental Fig. S4B ). The conspicuous decrease of the amplitude of transient spectra of β 1 (190) after CO dissociation indicates fast CO rebinding in the picosecond and nanosecond time ranges. Whereas the shape of their transient spectra is same, the kinetics of CO rebinding are dramatically different for sGC and β 1 (190) . For sGC, only a very small amplitude of CO rebinding (2%) occurs with a time constant ≥1 ns, but no further CO rebinding is observed (Fig.  4C) . Contrastingly, in the heme domain β 1 (190) 51% of CO rebind up to 5 ns with three phases (time constants in Table 1 ) quite similarly with the kinetics observed for NO in endothelial NOsynthase with multiple energy barriers (15) . Also, the oxidation propensity, observed with NO, is remarkably not observed in the presence of CO. Thus, it cannot originate from increased solvent exposure.
As deduced by the fast CO geminate components (35 ps and 171 ps) the conformation adopted by β 1 (190) induces less constraints on the proximal His than in full-length sGC. The photodissociated 5-coordinate heme adopts a more planar conformation, which leads to a decrease of energy barrier for CO rebinding (33) . As a consequence, the Fe-CO bond formation in β 1 (190) competes with CO diffusion out of the heme pocket. In the line of this result, Raman data on mutated Hb (34) and heme substituted Hb (35) support the idea that internal strains induced by the quaternary structure modulate the strain on the iron.
The strain on the proximal His (or/and the distortion of the heme) decreased as a consequence of the absence of α-subunit and β 1 (191-619) domains interacting with β 1 (190).
The decrease of this strain induces a position of the iron closer to the heme plane, and consequently decreases the energy barrier for CO rebinding (16, 34) .
Bimolecular rebinding of COConformational changes can influence the energy barrier for CO diffusion between the heme pocket and the solvent, as observed for Mb (36) and Hb (37) mutants. We thus measured on an extended time scale the kinetics of CO bimolecular rebinding to sGC and to β 1 (190) after CO photodissociation with a 5-ns pulse, in the presence of [CO] = 1.33 mM (Fig. 5) . For both proteins, an immediate decay is observed within the time resolution (unresolved picosecond components) and an additional slow geminate rebinding is observed with time constant τ 4 = 18 ns for β 1 (190), more important than for sGC. Then, a slow geminate phase occurs before CO bimolecular rebinding, assigned to CO still in the protein core, but outside the heme pocket, whose time constant τ gem2 = 80 µs is same for sGC and β 1 (190) but with very different relative amplitudes (Table 2) . Bimolecular rebinding is observed in the millisecond range and is remarkably faster for β 1 (190) (τ bi = 0.9 ms) than for sGC (τ bi = 10 ms).
The concentration of CO in the sample buffer was 1.33 mM, yielding bimolecular association constants k on = 0.075 × 10 6 M -1 ·s -1 for sGC and 0.83 × 10 6 M -1 ·s -1 for β 1 (190). The value for sGC-CO association is twice that measured by stoppedflow (0.036 × 10 6 M -1 ·s -1 ; Ref. 38) . Remarkably, the k on rate for β 1 (190) is of same order of magnitude as that of myoglobin measured by the same method (supplemental Fig. S5 and Table 2 ) but is 11-fold faster than that of sGC. We assigned the differences in CO picosecondnanosecond dynamics between sGC and β 1 (190) to relaxed conformational constraints in the isolated heme domain. The larger k on for β 1 (190) may be additionally attributed to removal of steric barriers due to the absence of α-subunit and other domains of the β-subunit. The various observed transitions are summarized in Fig. 6 .
The similarity of τ gem2 = 80 µs for both proteins is noteworthy, its amplitude being increased. We assigned it to a phase of geminate rebinding of CO located in an intermediate protein site between heme pocket and solution, albeit some myoglobin mutants have a time constant close to this value for bimolecular CO rebinding (36, 39) , because in these cases Mb-CO kinetics did not show any other component attributable to bimolecular association, contrary to sGC. The fast k on rate for β 1 (190) explains that this site is more populated than in sGC and induces a larger amplitude of this geminate phase. It thus appears that the CO rebinding psns-phases are modulated by proximal strains and the µs-phase and k on barriers can also be influenced stericly by the absence of the other protein domains.
The modification of CO dynamics together with the increased oxidation propensity in the isolated heme domain with respect to the fulllenth sGC demonstrates that the distortion and strains on the heme are not identical in both cases. This is in line with the lower stretching ν CO frequency in β 1 
than in sGC (21).
This implies that constraints exist between both subunits and between the heme domain and the remaining part of β-subunit β 1 (191-619), ensuring that the energy relaxation due to Fe 2+ -His bond breaking is transmitted to the catalytic site in dimeric sGC. Thus, in the absence of the catalytic α-subunit and other β-subunit domains, these constraints are relaxed, so that the isolated heme domain could be in a conformational state much closer to the activated state, even in absence of NO, than when incorporated in the entire protein. Following the example of hemoglobin (40) , the unliganded dimeric sGC appears in a "Tensed" state, maintained by the Fe 2+ -His bond, and NO-liganged sGC appears in a "Relaxed" state.
In summary, in reduced unliganded β 1 (190) photo-oxidation occurs with back-reduction from an internal acceptor, contrary to sGC, but fast NO rebinding occurs like in sGC. In β 1 (190)-CO, the CO rebinding is much faster than in sGC, but without photo-oxidation. The isolated heme domain β 1 (190) has a different reactivity than inserted in the full-length dimeric sGC due to a considerably decreased proximal strain on the heme in the absence of other domains and α-subunit. Thus, functional models derived from isolated heme domain (41) and, a fortiori, structural models from homologous bacterial NO-sensors (11) may not directly apply to modeling the activation mechanism in native dimeric sGC. These observations reflect the plasticity of the H-NOX heme domain, which is influenced, apart from variations of its own sequence, by the presence of interacting domains and subunits involved in allostery, so that not only the dynamics of diatomic ligands can be controlled, but also the heme redox properties (13, 25, 26) . FIGURE 1. Dynamics of NO after photodissociation from the entire sGC and from the isolated heme domain β 1 (190). A: steady state spectra of unliganded sGC and liganded with NO and CO. B: transient spectra at selected time delays after photodissociation of NO from full-length sGC. C: kinetics of NO rebinding to sGC at selected wavelengths. D: steady state spectra of unliganded isolated heme domain β 1 (190) and liganded with NO and CO. The slope below 360 nm is due to the absorption of dithionite (0.5 mM) used as reductant. E: transient spectra at selected time delays after photodissociation of NO from β 1 (190) . F: kinetics of NO rebinding to β 1 (190) at selected wavelengths fitted to a sum of exponentials. The averaged fitted parameters are given in Table 1 (Global SVD analysis in Supplemental Fig. S1 and individual parameters in supplemental Table S1 ). Table S2 ). (Fig. 2C ) and to that of SVD1 components for β 1 -NO (Supplemental Fig. S1C ). (190) . C: kinetics of CO geminate rebinding to sGC compared to β 1 (190) calculated by global analysis, representing the evolution of the entire difference spectrum. A 4-ps component was included in the fitting function to take into account the initial excited states decay. FIGURE 5. Bimolecular rebinding of CO to full-length sGC and to β 1 (190) after CO photodissociation. The differential absorption kinetics were probed at 450 nm and are normalized. The fast minor decay at ~10-20 ns is due to CO geminate rebinding, including the picosecond phase. The slower phase, with much larger amplitude, is the bimolecular rebinding of CO. The data were fitted to a sum of three exponentials and the fitted time constants are listed in Table 2 . The maximum of the signal corresponds to the temporal coincidence of the photodissociating and probing pulses. The pressure of pure CO in the gaseous phase above the sample is 1.3 bar, yielding a concentration of 1.33 mM in the aqueous phase at 20°C. 
